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CAST ARMOR 

Correlation Between Metallurgical Propertlea of Sereral 1" «nd 2* 

Gait Arnor Sanplee and Their Reelatance to Yarloue Degree» 

of Ballistic Shock 

OSJICT 

To detemlne the motallvurgical characteristics of 1" and 2" cast arnor 
samples after subjoction to various degrees of ballistic shock« and, by the 
application of analytical methods devised at this laboratory,  to determine 
the optimum conditions of ballistic shock testing for discrimination between 
material of good and poor metallurgical properties. 

CONCLUSIOHS 

The requirements for shock resistance of 1" and 2* cast armor plates 
submitted under Specification AXS-1+92-5 should reflect the following 
determinations: 

a. The projectiles used should be the 37 mm. proof 
projectile,  Tl,  for 1" plates and the 105 mm. 
proof projectile, T8,  for 2" plates; 

b. The incident velocity for both projectiles should 
be IO3O ♦ 15 feet-per-second; 

c. The criterion of success should be the ability of 
the armor to resist cracking in any degree. 
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INTRODUCTION 

In response t^ a request of the Ordnance Research Center , a 
metallurgical exaninatlon of several 1" and 2*  cast arnor plates which had 
been auhject to ballistic shock tests with 57 M. and 105 ran!, proof projec- 
tiles, respectively, in an attempt to develop an adequate ballistic shoclc 
test for incorporation into Specification AXS-U92-5. was undertaken at 

this laboratory. 

The criterion of success under these shock tests revolved around the 
ability of the plates %■ resist "excessive" cracking and/or Army complete 
penetration at a prescribed velocity2»-.. 

Roaults of the metallurgical tests on those plates indicated a very 
poor correlation between their metallurgical properties and their success 
under the ballistic tests as judged under the above criterion, and it was 
the opinion of this laboratory4 that the prescribed shock testa were not 

satisfactory for incorporation into Specification AXS-U92-5» 

Meanwhile, before trnnsmittal of that report to the Ordnance Reseorch 
Center had been effected, additional tests of 1« and 2" cast armor samples 
had been roinpletcd5.6 and subsequently samples from those tests were 
forwarded to this Ittboratory with a request for metallurgical evaluotionf. 

During a visit to the Ordnance Resenroh Center by a representative of 

this laboratory near the end cf July 19^5, it waa contended that a better 
correlation might exist between the metallurgical properties of these plates 
and their ballistic integrity as Judged by their ability to resist any 
cracking under impact of proof projectiles nt a proscribed velocity. 

As a preliminary investigation of this contention, samples which were 
extremely successful or extremely unsuoceasful under such a tost were 
examined metallurgically and a good correlation was indicated . 

The present report is an evaluation of the correlation between the 
metallurgical properties of the samples and their success under the various 

tests as Judged by various criteria. 

TEST PROCEDURE 

The metallurgical examination included the following tests: 

a. Fibre fracture tests;-' 

b. Cross sectional Brinell hardness  survey; 

c. V-notch Charpy impact tests. 

Sections, ^xlZ^xZ9 and U«x8"xl", were notched by flame cutting in from the 
middle of the two longer sides and were fractured under the impact of a 
steam forge hammer,    A one-half inch thick section cut from the middle of 
one of the fractured halves of each sample was  surface ground.    Brinell 
hardness surveys were made on the cross sectional surfaces, after which 
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two V-notch Clmrpy Inpact  apecinens were nachlned fron each section fron 
positions halfway between the surface and. the center In the case of the l" 
thick plates and fron near the center of the 2" thlok plates.    One Impact 
speclnen from each plate was tested at +'iQ0l* and the other at -W0oF. 

The resultt of these testa are recited in Tables I and II,  for 1" and 
2" plates,  respectively. 

& 

The results of the ballistic tests conducted at the Ordnanoe Research 
Center have been suauariied in Tables III and IV, for l" and 2M plates, 
respectively. 

PAIA AND DISCUSSION 

The shock which nay be transmitted to armor in service nay originate 
from many sources. 

The netallureloal properties which are desirable for general resistance 
to shock are well known and their presence may be determined by well 
established tests. 

A specific shock test, to be valid, therefore, must produce results 
which corralate well with the results of metallurgical tests. 

In this report certain unique methods have been developed to determine 
the correlation between metallurgical and balliatic characteristics of the 
subject plates. 

Upon the completion of the metallurgical tests described above, their 
results, without reference to ballistic behavior, were submitted to an 
experienced armor metallurgist for evaluation. On the basis of their 
possession, or lack» of the desirable metallurgical characteristics—(a 
tempered martensitic structure, purely fibrous fracture, and high Charpy 
impact vcilue)—the rating «Good", "Borderline •♦■,'» »Borderline -," or 
"Poor" was given each sample as it appears in Tables I and II. 

(Whether or not a specific Charpy Impact value is considered adequate 
depends upon the hardness of the sample, A schenatic representation of the 
expected relationship between the Charpy Impact value of a'given steel 
with a microstructure of tompored martensite and Its hardness is given In 
Figure |.) 

■ 

By moans of these unbiased metallurgical ratings, there thus became 
available the basis for determination of correlations between the netal- 
lurglcal characteristics of these samples and their ability to satisfy 
the requirements of the various tests. 

The firings at the Ordnance Research Center had been conducted at 
three different levels of severity for each projectile caliber (or armor 
thickness), as follows: 

■ •: 
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57 nm. Proof Projectile Tl «gainBt 1" plate at 900 f/e, 
57 mo. Proof Projectile Tl agalnet 1" plate at 1000 f/o, 
57 on. Proof Projectile Tl Mainst l" plate at 1100 f/a. 

The results of these tests appear In Tables III and IV, for l" and 2" 
plates, respectively. 

a. Army complete penetration^. 

Neither can this laboratory whole-heartedly endorse criterion (c) 
because of the Inherent arbitrariness of the term "excessive." 

Criterion (b) can be endorsed, however, because the Inability of armor 
plate to withstand the bending Induced by ballistic shock Is logically 
demonstrated by a tendency to crack under such a bending stress-^. 

Since such a bending stress is best applied In a sustained-rather than 
an instantaneous manner the use of a mushroonin,? projectile is to be desired. 
The proof projectiles used in the ballistic test by the Ordnance Research 
Center are considered quite satisfactory. 

-••,»^-,-.".'-•.".*.'•'• «■.■.*•".• 
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105 mm, Proo 
105 mm. Proof Projectile T8 against 2" plate at 1100 f/s. 
105 mm, Proo' r-   -•:1  "" ---"--' -■• •-' ■■   -   ^ • ; ~ 
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Success or failure of any plate under each of these tests can be 
Judged from the standpoint of any of at least five criteria:  Its ability 
to resist— 

b. Cracking In any degree. > ■ . 

c. Excessive cracking. 

d. Both (a) and (b). 

e. Both (a) and (c), V.-.H 

The results of the balllstiö teats, ad set out in Tables III and IV, ; 
have been i'epr'eöented in Tables V and Vl, respectively, as Judged by the ;". 
above criteria. 

-. 

The use of a criterion of shock resistance Incorporating the ability 
of a plate to withstand Army complete penetration at a given velocity has 
always been considered by this laboratory as unsound, in that successful 
resistance to complete penetration (Army) Is brought about by the possession 
of metallurgical characteristics Irrelevant to and even inconsistent with 
those characteristics which are requisite for superior shock resistance. 

Accordingly, this laboratory could not conscientiously endorse the 
adoption of criteria (a), (d) or (e). > 

1. 
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To illustrate that the stand of this laboratory with regard to the 
above criteria is well taken, and to provide preliminary data for the 
localization of the ideal conditions for shock testing, certain methods of 
evaluating the measure of correlation hetween the results of the metallurgical 
evaluations and the results of the several ballistic tests have been andertaken. v •.; 

By reviewing Tables  I and V,  and Tables II and VI,  respectively,  the 
results of the ballistic tests made on the several samples at each of the 
three respective levels of severity and according to each of the five 
criteria recited above were compared with the results of the metallurgical 
evaluation.    According to the measure of agreement between the metallurgical 
and ballistic results, a value,  called Its Correlation Index,  was assigned 
to  each sompla,  as follows: I 

Metallurgical 
Rating  

OX (Oood) 

&♦•  (Borderline •♦•) 

B- (Borderline -) 

NO (Poor) 

Correlation Index 
If OK Ballistically 

3 

2 

1 

0 

If N5 Ballistically 

0 

1 

2 

3 

A tabulation of the results of such an examination is presented in 
Tablos VII to XVI. Sunmnrios of the average correlation Indices for each 
combination of velocity and criterion appear in Tables XVII and XVIII, for 
1H and 2n plates respectively. 

From these summaries it is apparent that the best correlation (as 
imaged by the highest average correlation index) flows from the combination 
of the use of criterion b (ability to resist cracking in any degree) and a 
striking velocity of 1100 feet-per-second (among tho velocities used), 
for either caliber of projectile fired against tho appropriate thickness 
of plate. 

There is, thus, good evidence that tho stand of this laboratory has 
been well taken. 

■-•--• 

More correlation, however, is not considered conclusive in this 
examination for it can be well argued that were the striking velocities 
increased the correlation between the metallurgical results and the results 
of ballistic tests judged by other tests would improve. 

In anticipation of such a contention, certain basic arguments have 
been advanced, above, against ^he use of other criteria, and the following 
exploration of the data will further corroborate the stand of this laboratory. 

Tables VII to XVII woiv. re-examined with special attention focused on 
soaples having low correlation indices, i.j.,values of 1 or 0. 

:•:• 
■■.••.•■■ •" -* -•; 

-••.Vl 

•    ••••••••••••    •    • 

■.■•.■•.■■.""■..■ JV" %.'•-■ ^.".-."'•_■.""w" ^' ■ •«•"»-".-'.•'. -'■ ■".-.r.«'. i'. •'. •'. -'.>'.•*. «•.i- •*.•'.'•:.»'."«•-"«•-'.•- .•-".■'."'.•-'. ■'.'■'.--'.•-'»'■'-• . 'J- '.*-'.• 



mi mit   ■ mi T-i- 

■— ■ ■ 

If the biilliatic result of a tost showing poor correlation is OK, 
then the test mny be nssumed to be insufficiently severe; If, on the other 
hand, the "balliBtlc result of such a test is NG, the test may he assumed 
to be too severe. 

■ 

■•I 

Examination of the percentage of poor correlation Indices which have 
been  "OK" balllstlcally under a given criterion and velocity will indicate 
whether or not that criterion and/or velocity Is insufficiently severe, 
properly severe,  or over-severe. 

In a general way, percentages less than 5° would indicate over-severity, 
and values greater than 50 would indicate insufficient severity.    Fifty 
percent would indicate the proper level of severity. 

The results of such an examination appear in Table XIX and XX,  for 1" 
and 2" plates, respectively,  and havj been graphically represented ae func- 
tions of striking velocity and criterion In Figures 2 and 3. 

These results indicate that the  "excessive cracking"    criterion (c)  is 
insufficiently severe over the entire range of velocities investigated,  that 
the  "Army complete penetration" criterion (a) exhibits its Irrelevance by 
its variable trend from undor-severlty to over-severity and back to proper 
severity, and that the "cracking In any degree" criterion (b) proceeds 
•toadlly and logically from under-severity to over-severity. 

They also  indicate that the combination of an irrelevant,  or under- 
severe criterion, with, respectively,  a relevant,  or Intermediately severe 
criterion,  affords no more valid criterion than the latter. 

Thus,  coupling the irrelevant  "Army complete penetration" criterion (a) 
with the relevant  "cracking in any degree" criterion (b) affords no criterion 
more valid than the  "cracking  in any degree" criterion,  nor does the combina- 
tion of the under-sev-re "excessive  cracking" criterion  (c) with the inter- 
mediately severe  (although Irrelevant)  "Army complete penetration" criterion 
(a) afford,  in any way,  a more valid criterion than the latter  (a). 

Further examination of these data provides a means of estimating that 
incident velocity for each proof projectile which will supply the optimum 
severity under the  "cracking In any degree" criterion (b).    (This will 
provide Improved information over the Introductory analysis which merely 
indicated the best of the tested velocities.) 

■ 

- 
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3y plotting the apparent trend of the severity of the  "cracking in any 
degree" criterion (as applied both to 1" and 2" plates)  from under-severity 
to over-severity as the incident velocity was Increased,  it is possible to 
demonstrate that the optimum velocity for incidence of both proof projectiles 
(57 MM Tl and 105 MM T8) lies between 1025 feet-per-second and IO5O feet- 
per-socond,  and in view of the probable extent of experimental error, the 
velocity may be considered Identical for both,     (See Figure U.) 

■ 
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Since one of the 2" sanples (C-65) was so completely "out of line" 
that It was earlier concluded that a oixup in identification had occurred^, 

it was considered desirahle to re-plot the trend line for 2W samples with 
that sample eliminated,  (its inclusion in earlier calculations in no way 
qualitatively affected the results.)  The intersection of this trend line 
with the 50 percent (or optimum severity) line further localizes the optimum 
velocity.  This has been interpreted as the average of the three intersects, 
or IO3O feat-per-second. 

' 

I 

On the "basis of the above analysis,  therefore,  it is the opinion of 
this laboratory that the requirements for shock resistance of l" and 2" cast f 
armor plates,  submitted under Specification AXS-U92-5 should reflect the 
following detorminationa; 

* 

a. The projectiles used should be the 57 wn*  proof 
projectile, Tl, for 1" plates and the 105 mm, proof projectile, 
T8, for 2" plates; I 

b. The incident velocity should bo IO3O •+• 15 feet-per-second; 

c. The criterion of success should be the ability of the 
armor to resist cracking in any degree. L'--".- 
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COPY 

lit  Ind. Hurllch/lLB/mf APO U7O.5/1U76 
Attn: SPOTZ-F 
Wtn. U70.5/8735(r) 

CO, ASF, Watertown Arsenal, Watertown 72» Mass.,   5 May I9U5 

To:     Th« Director, ASF, Ord. Res. & Dev. Ctr., Aberdeen Proring Sround, Md. 
Attn:    SPOTZ-F 

1.      Reference basic letter,  it is requested that the results of the 
ballistic shock tests conducted upon the 1" and 2" cast armor plates be 
transmitted to this arsenal in order to correlate the results of the 
metallurgical examination to be made at this station with the ballistic 
characteristics of the armor. 

For the Commanding Officer: 
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1. 
•-: 
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IABLB 3CVII 

Summary of Average Correlation Indices of 

1" Cast Armor Plate« Tired at Various Striking Yelocltleg 

and Evaluated ty Various Criteria 

I 
Criterion* Velocity Average Corr. Index 

a. 900 0.33 

•• 1000 1.36 

•• 1100 1.69 

b. 900 1.67 

b. 1000 1.86 

b. 1100 1.92 

c. 900 0.33 

0, 1000 1.05 

0. 1100 1,15 

lb 900 1.67 

d. 1000 1.86 

it 1100 1.92 

e. 900 0.33 

e. 1000 1.36 

e. 1100 1.69 

♦Soo "Notes on Abb^oviatlon8.,, 
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TABLE 17111 

Summary of Average Correlation Indices of 

2*  Caat Armor Plates fired at Variom Striking Velocitieg 

and gvoluntod by Variom Criteria 

•■.•.■ 

:>.•:• 

Criterion* 
Striking 
Velocity Avorogo Corr. Index 

•• 1000 i.Uo 

a. 1100 2.27 

a. 1200 2.13 

b. 1000 1.90 

b. 1100 2.38 

b. 1200 1.13 

c. 1000 1.10 

c. 1100 2.0U 

0, 1200 2.31 

d. 1000 lc90 

d. 1100 2.38 

d. 1200 1.13 

e. 1000 1.^0 

o. 1100 2.27 

e. 1200 2.13 

-■ 

: •. 

^ 

I 

■ • * • 

*See "Notes on Abbreviations.•» 
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TABLE XU 

Summary of Percentage of Poor Gorrelatlon Indleea Resiiltlng 

from "QK" Balllatic Teste Conducted on 1" Cast Armor Plates 

at Various Velocities and Evaluated by Various Criteria 

■ 

m 

Str. 
Criterion* Vel, Ho, Poor Corr. Ind. No« »OK" Ballistically  P.C. 

a 900 

a 1000 

a 1100 

1 900 

b 1000 

1 1100 

c 900 

c 1000 

c 1100 

d 900 

d 1000 

d 1100 

a 900 

e 1000 

e 1100 

3 

1U 

u 

1 

7 

3 

3 

17 

9 

i 

7 

3 

3 

1U 

3 

lU 

3 

1 

U 

1 

3 

17 

9 

1 

U 

1 

3 

1U 

3 

100.0 

100.0 

75.0 

100.0 

57.1 

33.3 

100.0 

100.0 

100.0 

100.0 

57.1 

33.3 

100.0 

100.0 

75.0 

■ 

I 

■-:-■ 

*See  "Notes on Abbreviations." 
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TABLE IX 

Summary of Percentage of Poor Corrolntlen Indleet Reeultlng 

from "OK* BalllBtlc Tests Conducted on 2* OaM Armor Plate» 

at Various Striking Velocities and Bvaluated by Various Criteria 

•See  »Notos on Abbreviations,n 

1 

Striking 

' ' ' ( 

Criterion* Velocity No, Poor Corr. Ind. Ho. "OK" Ballistically P,C, 

1000 k 100,0 
' 

1100 7 U2.9 

1200 u 50,0 
■   :< 

1000 I 66.7 

1100 i 33.3 
1200 v 10 10.0 '" v ■■ 1 

1000 9 100.0 - 

1100 T " g 85.7 

1200 3 100,0 - ■ 

1000 3 66.7 
:--^ 

1100 6 33.3 •■-• ■••.] 

1200 10 10,0 ':•■. ■'.' 

1000 u 100.0 
•■■- 

1100 7 ^2.9 
1200 U 50.0 '"■'- ""-"i 

-.    . - ".- "." V V \- '.- '. •"•.-'.   ■•'. 
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Notes on Abbreviations Used in Tnblos 

Table III,  IV    OPU)    -   iürny Conqplete Penetration - o"btained if it is 
possible to see light through a hole in the plate, 
or if any portion of the projectile  in the plate 
is visible fron the rear of the plate. 

Table III,  IV   PP(A)    -   Army Partial Penetration, the result of any impact 
that does not fulfill the requirements for GP(A). 

Table V, VI, XVII, XVIII, XIX, XX 
Criterion a 

Criterion b 

Criterion c 

Criterion d 

Criterion e 

Tables VII to XVI 
Ball. Res. 

Met. Res. 

Corr.  Ind. 

- »Arny complete penetration" criterion» 

- "Cracking in ony degree" criterion. 

- "Dxcossive O^i" as regards 1" plates, >8iN as 
regards 2" plates) cracking" criterion. 

- Combination of criteria a and b. 

- Combination of criteria a nnd c. 

~ Ballistic results as indicated in Tables V and VI. 

- Metallurgical ratings given in Tables I and II. 

- Correlation iniex, as detoi'rdned in text. 
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*?& U70.5/1U76 
Attn: 

SJPOTZ-F 

COPY 

ARMY SSRVIC2 FORCES 
ORPNANCS BZPARIMZNT 

ABURDSJEN PROVING GROUND 
HARYLAND 25 rfpril 19^5 

SUBJECT:    Development of Shock Test for 1" and 2n Caet Armor 
Metallurgical Setaples 

TO: Commanding Officer 
Watertown Arsenal 
Watertnwn, Mass. 

AttnJ    Laboratory - Lt. Col. N. A. Matthews 
• 

1. Fifteen samples of 2" cast plates,  each approximately 
6"xl2N in size, and seventeen samples of 1" cast plates,  each approxi- 
mately U"x8» in size are being forwarded to your station for metal- 
lurgical analysis. 

2. These  sanples represent acceptance plates which have been 
shock tested with IO5 mm and 57 nsn proof projectiles respectively in 
an attempt   to establish required velocities for these tests for 
Specification AXS-U92-5, 

3. It is desired thatx the samples be euhjected to  fiber fracture 
teats,  hardness  surveys, Charpy impact tests,  <ind any other metal- 
lurgical tests deemed advisable hy your office in an attempt to correlate 
the shock test results with the metallurgical iuality of tho armor* 
The samples may be identified as follows: 

2" Plates 
Sample 

Company Plate No. 

2 

Heat No. 
1367(Sq.l«3) 

No. 
Continental(W) 1 

•           1» 2 2508(S< 1.178) 2 
•     (c) 1*5 5928 i S              " 1*7 5951 

Symington-Gould(D) L328 3705 I ft                 R' L330 3719 
ft                 B L333 

L331* 
7 

•                 ■ 37^1 3 
ft                 ft L335 37U6 

^397 
1+U22 

9 
S                 ft L336 10 
n             ft L3U0 11 

Union Steel 327 373^ 12 
M                       ft 333 639B 11 ft.            n 3l+2 UOlA 
ft             ft 8UU 65 7B 15 

■.;.• 

■A".-.-J 

- <■ - * 

-■ 

.•.', 

uuiiMMm:l"nu""'''n 
(lllli    

•-• v - • 

■—■*     w  j^ ■ Ji—;n     -    ' "   «■—T*—MT - •■■ «—■ ■ J     ■—9- -y ' 

■-• V v '.- .' '.•". 

•'• ^"i.-\'***"'. ■'• •'. •". •*. •"• •*. -'• •"»^ ■*. • - *'- %* •?. ■'   *, ". • ."•'* •'. ■'. •*. •*, -'. ■", ■*. -*. •"••', ■", •** •'. •". -*. -'.■»*. *"-•*. ■'''».-'« •-■'.••'-*. 
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COPY 

*PG 
SUBJECT:    Metallurgical Sampl 68 
TO:               Watertown Arsenal 

1" Plates 

Sanple 
Cncpany Plate No. Heat No. No. 

American Radiator LB352 Ji*3 1 
•i                  n BL355 J160 2 

Ordnance Stl.  Fdry. 2 B1U2 I Pratt & Letchworth Z216 115^ 
ii       I           « Z218 1157 5 
it      II          a zzhh 1133 6 
II          i Z250 EI62 7 
II           H                  11 Z252 2167 8 
ir       ii           « Z251* 3170 9 
it      M          n Z259 3183 10 
n       n           M Z261 2186 11 
UK                It Z263 B188 12 

Symington-Oould(D) L330 3719 
^375 \l n       II            M L332 

n       II           it L333 
133^ 

U38O 15 
n       it           it 37Ul 16 
II           It                  It        (R) GB329 BU576 17 

U. It will be appreciated if the result-i 
letter report as  soon as available. 

FOR TH2 COMl'uiNDING GSIöIRAL: 

■-P furnished In a 

•   •   •   .   « 4 

•-••:.•••.■ fM 
-•;■•■.•■ 

■    • 

■:■:•.•;■ 

•:■•:::■: 

(S/T) G. I 
Go] 
Liractor 
Ordnance Res.  & Dev. On, 

r, 2DDY 
, Ord. Dept. 

2220(113 Ar3-3O5) 
- 

■ 
- ■»■ • 

.•_.-.   •_•_-■ 

■     . . •. •. •. -. • 

wiuiimauatiiiiiiiiiiiiii 
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A?0   U70.5/1U76 
Attn:    SPOTZ-F 
Wtn.  U70.5/8735(r) 

COPY 

lit  Ini. HurlIch/ILR/af 

CO, ASP, WaUrtown Arsenal, Watertown 12,  Maae.,   5 May 19U5 

To:     Th« Diractor,  ASF, Ord. Ree.  & Dar. Ctr., Aberdeen Prorlng Ground, Md. 
Attn:    SPOTZ-I 

1.      Raferance basic letter,   It It requeetec   lhat the resultt of the 
hallletic shock tests conducted upon the 1" and 2" cast armor plates be 
trantmittad to this arsenal in order to correlate the results of the 
metallurgical examination to be made at this station with the ballistic 
characterictics of the armor. 

Tor the Commanding Officer: 

'.*.■ 

N. A. MATTHEWS 
Lt. Col.,  Ord. Dapt. 
Assistant 

, - _ 

APG U70.5/1U76 
Attention: SPOTZ-P 
Wtn. U70.5/8735(r) 

2nd tnd. Oehry/nes 
Ext.  5190 

ASF,  Ordnance Research and Development Center    IfclftoM Pro-.'1ug Ground, Md. 

To:     Commanding Officer, Watertown Arsenal, Waterto«i  fi., Majp. 

1. In accordance with request  in first indoi «.imont,  a-:!unrjies of 
ballistic results on plates represented by subjoct  cuaples are being forwardei 
herewith. 

2. Thirty additional plates,  fifteen 1" and fifteen ^,| are being 
awaited from Gary Proof Ran^e for ballistic tests under this same program. 
Samples of these plates will also be sent to Watertown Arsenal for metal- 
lurgical examination upon completion of the ballistic tests. 

POR THE COMMANDING G2NEHAL: 

(S'   C. J.  Yaeger 
MaJ.  Ord. Dept. 

(for) Stuart McLain 
Lt. Col., Ord. Dapt. 
Acting Chief 
Arms & Ammn,  Div. 

Incl. - Summary of Results (2 sheets) 
'     1 1 r. m^iiiiiwilm vinui- 
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COPY 

Wtn. U70.5/8735(r) 
APG. U70.5/1U76 
Attn:  SPOT7--F 

3rd Ind. Im* 

JJSF,  WaLertOtf.. rsze<\Hl    iitS-ortoin;   ."., Mcbcai^UdettB,  1? Julv 19U5. 

To;    Tho r.'.x^.,t'.r,  AfFj   JrtuiiiT..-" P.Mhearch an-.i i^Tflopneri^   '«nter, Aberdeen 
rroving GITJ^'',  U^ryiAU',     HI vn      SrÜTZ-J? 

• • • -. 1 

. 
* 

lr    BifWtttM v.&orr&pii L' of basic letUr,  rjnui^n Of ir.eoallurgical 
axanlnoliüii UMAC  J:* J'' enu i'   oant armor BacnpUr. v<  OMtnlMi in 
Watertovn , rvfi.r",  ^aiorctory Memorandum Report lie    Vrf,  !\'-/7£0{T) which 
was forwax-cT 1 |Q   ,'j'i/   3tationl  reference letter  til*» Vtn 461/905 dated 
9 July ||N9 

Fcr \ü(i Commanding officer: 

1 Incl w/d 
Summary of Re'rulta  (2 eheets) 

N. A. MATTHEWS 
Lt.  Col,#  Ord. Dept. 
Aisistant 

• > v 

■ > ( 

•.•■.•■ 

Appendix A - Pa^e 6 
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APG U70.5/76 
spoTz-r 

COPY 

AHMY SERVICE FORCES 
ORDNAKCE DEPARTKENT 

ABERDEEN PROVING GROUND 
KARYLAND 23 July 15U5 

•• -'.-^i 

.  .1 
■-■/V.' 

SUBJECT:    Development of Shock Test for ln and 2n Cast Armor - 
Metallurgical Samples 

TO: Commanding Officer 
Water town Arsenal 
Watertown, Massachusetts 

ATTENTION:    Laboratory 
Lt. Col. 11. A« Matthews 

1. Fifteen samples ^f 2" cast plates, each approximately 12"xl2H 

In size, and five samples of 1" cast plates, each approximately 12ttxl2N In 
size are being forwarded to your station for metallurgical analysis. 

2. These samples represent acceptance plates which have been shock 
tested with 105 mm and 57 »u» proof projectiles respectively In an attempt 
to establish required velocities for these tests for Specification 
AXS-U92-5. 

_ ■  • 

• :•■: 

3.  It Is desired that the samples be subjected to fiber fracture 
tests, hardness surveys, Charpy Impact tests, and any other metallurgical 
tests deemed advisable by your office In an attempt to correlate the shook 
test results with the metallurgical quality of the armor. The samples may 
be Identified as follows: 

2" Plates 
•■.••-•-•, 

Company Plate No. 

C8192-1 Sq C63 

Heat No. 

8192 

Sample No. 

0-63 Continental Fdry. 
& Mach.   (E.  Ghl.) B2327-2 Sq BkS 2327 0-U8 '.' '.*•'.* 

1» 08227-2 Sq C6U 8227 0-6U •-;•-:■■■ 

1 C8260-2 Sq C65 8260 c-65 
» B225ß-1 Sq BU6 2256 C-U6 

■—^ 

ASF - Cast Armor (i-797,M)-277 7526 ASF 277 . 
Plant (Granite City) 0-797U-D-256 7UU7 ASF 256 •.•..•. 

H G-7971+-l!-257 1W ASF 257 
■"-••■'-•"" 

« G-797U-D-266 Ihsi ASF 268 
N G-797^261 7U68 ASF 261 

Scullln Steel Co. S-U8 1-907 s-ks ■.■ -i' •. n S-50 1-915 S-50 :^ " 680 5-018 S-680 •.>•.• 
« 681 5-023 S-681 ;•-•::• 
« 682 2-177 S-682 -f-; 
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COPY 

APG 

Subject: Development of Shock Test 
To:      Watertown Arsenal 

1" Plates 

Company Plate No. 

C26 

Heat No. 

3560 

Sample No. 

ASF - Cast Armor 026 
Plant OM 35UO 022 

Sivyer Steel Co. 20B599 20B599 2QBS99 
s-us Scullin Steel Co. Us 3-333 

if U9 5-020 S-U9 

U.  It will be appreciated If the results of the metallurgical 
analysis are furnished in a letter report as soon as they are available. 

FOR THE COMMANDING GSNEHAL: 

l.-^J 

■■-•v 

Project No. 2220 (113 ar3-305) 

0. G. EDDY 
Col Ord Dept 
Director 
Ord. Res. & Dev.  Ctr. 

■ ■ 

■ ■ 

'■:■•: 

••.■■■: 

■. • . 

" 
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APG U70.5/112 
SPOTZ-F 

COPY 

WAR DEPiuimsNT 
ABERDEEN PROVING GROUND 

MARYLAND 

P.out»e/ewr 
6IO3 

7 Au«uBt ISlQ 

^' 

»....1 

: ■ :•• : 

..-. 

SUBJECT:    Test of 1" and 2" Thick Cast Armor 

TO: Conuaandln^ Officer 
Watertown Arsenal 
Watertown  72,  Massachuaetta 

ATTN:    Laboratory, Lt.  Col. N. A. Matthews 

1. Reference your report WAL 710/760,   »»Metallurgical Examination 
of 1" and 2" Thick Cast Armor Uaed for the Development of 57 mm.  and 105 
nun. Proof Projectile Shock Tesf, page 1,  under Abstracts,   "Complete 
penetrations are not considered reliable indices of the shock resistance 
of armor.    As presently conducted,  the subject ballistic shock tests ar« 
not considered satisfactory for  inclusion  in Specification AXS-U92-5«" 
A further study covered by this report And the detailed results of the 
ballistic tests on plates covered by this report  indicate that  there nay 
be a correlation between the tendency for complete penetration,  and the 
difference in impact value at normal and subzero  temperatures.    This was 
pointed out to Mr. Sullivan from your station during his recent visit to 
Aberdeen Proving Ground and he was in agreement that a correlation of this 
type might exist. 

2. On July 17,  19^,  a letter request for metallurgical 
examination of a number of cast plates recently tested with proof projectiles 
was forwarded to your station.    Kir.  Sullivan was given detailed ballistic 
information on the plates represented by these  samples.     It is requested 
that the metallurgical tests on these plates be expedited and results 
forwarded to this station after which it is believed a sounder basis for 
Judging the value of the complete peroration criterion  in shock tests may 
be made. 

FOR THE COMMANDING GENERAL: 

. 

» 

- 

m 

'••'.■' 

■ :■■: 
. ■. • 

■ 

Stuart McLain 
Lt, Col., Ord. Dept. 
Acting Chief, Arms & 
Ammunition Division 

•-•.■ ... 
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COPY 

To:    The Director, ASF,  Ord. Res.  & Dev.  Ctr., Aberdeen Proving Oround, Md. 
Attn:    SPOTZ-F, Major C.  J. Yaeger 

2.      The first three plates and the last three plates in that list 
indicate a correlation between the ballistic renults, as Judged on a crack/ 
no-crack criterion,  and the metallurgical characteristics,—those which 
were  satisfactory ballistically having fibrous fractures and high impact 
values even at reduced temperatures and those which were unsatisfactory 
ballistically failing to fracture purely fibrously and having low impact 
values even at room temperature. 
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Wtn. U7G.5/256 1st Ind. Sullivan/lUl/avk 
APO. U70.5/112 
attn:     SPOTZ-P 

ASF, Watertown Arsenal, Watertown 72, Massachusetts,  12 September l^. 

. 

1.      Reference basic correspondence,  during the recent visit of 
Mr.  Sullivan of this laboratory to your station it was agreed to concen- 
trate preliminary metallurgical study on the seven (7)  two-inch thick cast 
plates which, based upon their resistance to cracking upon impact of the 
105 mm. PP T8 projectile, represented extremes of ballistic behavior. 
These plates were:    D-277i D-257 (both produced by American Steel Foundrl*«), 
S-50 (Scullin), and C-65  (Continental) which resisted cracking; B-U«, B-U6 
(both Continental) and S-^g (Scullin) which cracked even under a reduced 
test,    A summary of the metallurgical findings on samples ostensibly cut 
from these plates «md the ballistic results appears in Table  I,  attached. 

: 

3.  Sample C-65, however, which apparently resisted cracking both at 
1100 f/s and 1200 f/s striking velocities possesses metallurgical charac- 
teristics which would logically be associated with inferior ballistic 
behavior. Thus, were one to predict ballistic behavior purely from a 
consideration of the metallurgical characteristics of this sample, he would 
anticipate poor resistance to shock. The partially crystalline fracture 
and the low impact values obtained on this sample ordinarily are reflected 
in poor ballistic behavior. The plate, however, exhibited satisfactory 
resistance to shock. 

U.  In order to delve more deeply into the problem, data obtained in 
the previous study of 2n  cast plates (reported in WiJ. 710/760) were re- 
ex»i.-nined from the viewpoint of a crack/no-crack criterion of ballistic 
acceptability. These data are recited in Table II. They indicate a good 
correlation between the results of metallurgical and ballistic tests. 

c v -.1 

5.      We are thus faced with a preponderance of data indicating good •.•>. 
correlation and a single datum which glaringly  indicates no correlation. •  • 
It must be borne  in mind that we are dealing with plates whose ballistic rr_ 
behavior is  sharply discriminated.     The plates which have been judged o.k. ».Js; 
withstood successive impacts at 1100 feet/second «md at 1200 feet/second. .V^ 
The plates which have been judged NG cracked under  impact at  1100 feet/second 
and cracked again under  impact at 1000 feet/second.    We,  thus, are not 
operating in a twilight  zone of nebulous differences. 



' • " " ' »■ • •—' » • . •—■—■— w,   m      m      w      m      m^    m      ^     ^ »•■•■;...,. I. j. i-i •"•■ 

Wtn. U7O.5/256 
APG. U70.5/11P 
Attn:  SPOTZ-y 

COPY 

lit Ind. 
(Cont'd) 

12 Sept. 19U5 

6. This makes'the lack of correlation, even in a Ion 
disturbing than it would ordinarily be. However, it it fel 
of the favorable correlation apparent in the cases of ten 0 
samples under consideration, and in view of the consistent 
results obtained on even the eleventh sanple, the lack of c 
reflect a defect in sampling the plate (wherein the sanple 
be representative of the true quality of the plate) or may, 
hand be due to a nixup in identification. It would thus be 
examine an additional sample of plate 0*63 ^t this laborato 
would be appreciated if such a sample would be forwarded. 

e ease, more 
t that, in view 
ut of the eleven 
metallurgical 
orrelation may 
selected may not 
on the other 
desirable to 

ry, and it 

7. In general, then, there is indicated a much better correlation 
between results of these tests based upon a no-cracking criterion and 
metallurgical test results than between results based upon ballistic limits 
and metallurgical results. When the further modification of the weight 
of the test projectile suggested during the visit of Mr. Sullivan has been 
made, it is felt that a much better correlation will appear. 

8. The complete results of the metallurgical examination of the 
subject armor will be forwarded by meDorancum report. 

Per the Commanding Officer 1 

•. •. • 

;•. 

■v; 

t 
■-•.- 

■ 

I 

■, 

U 

2 Incls 
Tables I &  II 

N. A. MATTHEWS 
Lt. Col., Ord. Dept. 
Assistant 

- • - • 

•  • 

|;/;; HjmiQTBD . ' 
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C.  D. Bag.  Ho. 
06-gU-KB-OC 

COPT 

RBS7RICTED 

ABMOR BRANCH 
OHDIUliCE R£SSiLRCH AHD HXVSLOPRCIMT CSNÜXB 

ABKRLEEI FR0VI8Ö GROUND,  MAHTLAND 

SUBJECT:     Development of & Shock Test  for 
1" and 2" Cast Armor. 

Report No.:    jLr-l62Ul 
Date of Test:    9 April 19U5 
Sheet 1 of 6 
Related I.R. No.:  3965 
Project lo.i 2220(113-Ar3-305) 
ReferencesJ 00M U7O,5/APa(l0 feh 

APO U70.5/1161 

UBJXCT: To Obtain Shock Tesw Lota with 
the 105 am. Proof Projectile on a 
Total of Fifteen 2" Cast Acceptance 
Plates ReceWed from Srle Proving 
Ground. 

COMKiJtTS: 

' . '   • 

L.VV-1 

. • 1.- 

. 

1. Jlfteen 2" cast plates, received from firle Proving Ground after passing 
acceptance tests for penetration, were shock tested with IO5 mm. proof projectiles 
In order to obtain data to establish a required velocity for Specification 
AX3-U92. 

2. In this test, one round was placed against the center of the plate at 
a required velocity of 1100 f/s.  If the plate withstood the Impact without 
excessive cracking, a second round was fired at a velocity 100 f/s higher. If 
the plate cracked as a result of the first impact, the second round was fired 
at a velocity 100 f/s lower, failure was considered to have occurred when cracking 
extended greater than ?-l/2" and/or Array complete penetration was obtained (light 
visible through impact). 

3. A summary of this test is given on sheet 2. A list of test facilities 
is given on sheet 3. The detailed results are on sheets U through 6. 

k.      This is the first report on test data on this project.  Testing will 
continue. 

■. . 

':■■.. 

APPROVED: 

G,  G. ÜDDT 
Col., Ord Dept 
Director 

BT: 

(■} H. J. Rouse Sr. Sng. 
for JOHN W.  CAYS 

Col., Ord Dept 
Chief, Arms & Ammun. 

Division 

(/t)  G. H.  OSHRT 
Metallurgist, P-U 
Proof Director 

.;. 

Dletrlbutlon of this report: 

Commanding General, Office, Chief 
of Ordnance-Detroit, Attention» SPOME-EE 1 copy 

■.  ■.—'—r—■—■—'—r:—'7-K—■ ■ ■.  ■' ■— ■.".". ■ 
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Test racilltiaa: 

a. Ount Used: 

Howltxer, Tleld, 105 «m., M2Ä1, Bo. 3U7, Mf'd. by the Vllter M'fß. Co. 

b. Projectiles Used; 

Projectile, Proof, Tg, 105 air.. Lot rA-B-TS» 
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COPT 

ABSRIXSH PROTIHO OBOUHD, MAHTLAHI) 
AfiMöh BJuMöü 

raiB op PIRöO   9 April 19U5 
ARMOH TSST HBP0HT HO. Ar-l62Ul 
3HKET    U OT 6 
HläLATSD y.H. HO. AP 39^5 

fUSM HO.                                   HStf 10.                              THIGDUSS & TTPZ 

^ «a PP 
t~i 

ED. 
Io. 

PROJ£CTILS 
»4 
S ACT. 

S.T. 

GP 
PTP 

BHSULTS - ABHOB AHD PROJXCTILB 

Syminglon-Qo ild- .!»): Plate Ho. : 333-1; Keat U3g0; WM 2f,l 
1 105mm PP T8 0» 1.98I 1090 

■ 1199 
1109 PP(A) KB - no cracking; Muehroomed&intact 

2 • n 1202 OP(A) 5-l/U",  5-1/1*". »•V*1 crackej 
Mushroomed A intact 

Syinington-Oould(D): Plate Ho. 330-1; Heat 3719; BHH 252 

1 103» PP Tg 0» 2.oq 1100 lOgU PP(A) MB - no cracking; Mushroomed A intact 
2 ■ * 2.00 1200 1198 PP(A) MB - 3^», 3-3/8» crack; Mushroomed A 

intact 
Syin Ington-Oould- iD); Plate Ho. 13^0-1; Heat  UU22; BHH 267 

1 105» PP T8 0« 2.02 1110 1117 CP(A) 9i", 7i,t li* to preT.   impact; 
Mushroomed A intact 

2 1 • 2.00 1000 989 PP(A) J-l/*", B4 cracks; prey. ck. extended 
16*1 Mushroomed A intact 

Continental Idry. A M aoh.  Co.(W] ; PUte Ho.   2; Heat 2508 So 178; BHH 252 
1 105» PP Tg 0* 2.10 1150 11U9    PP(A) MB - no cracking; Mushroomed A intact 
2 1 ■ 2.10 1250 1259   CP(A) •••i  3-5/«1 oraokej Mushroomed Aintact 

8y« Ing ton-Oould- Mi Plate L335-:l; Heat 37^6; 1HH 2U2 
1 105» PP T8 1.98 1090 1095 GP(A) 5-l/U«, 5", 3-3/1** cracks; Mushroomed 

A intact 
2 ■ 1.95 975 995 PP(A) MB - Ho cracking; Mushroomed A intact 

Union Steel; Pia (e Ho.  gU2; Heal UOU; BHH 267 
1 105» PPT6 0» 1.86 1030 1031 CP(A) 8-5/8", 8i"t  Gh* cracks; Mushroomed A 

intact 
2 « 1 1.85 925 910 GP(A) 8-3/1*". 7i". 5-3/^" cracks; Mushroomed 

{                                                                                     A intact 
GP - CoMplet« Penetration                                                            PTP    - Pateed through plate 
PP - Partial Penetration                                                              PIP    - Projectile in plate 
CIP - Core in plate                                                                        1PIP - Palled to paee thru 

. PUH S - Punching etarteri                                                                                                            plate. ■ - IMK epall                                                                                    MS - Hoee destroyed 

■ 

JS - 

fi Petaliag on fac« 
'    1 llll I'M JJ / ' 

TBIGl U 
BB - Base destroyed 

f / / ffffffF " «Rtfl cratering 

■ 
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kWHTlVU fBOVUO OHOUND,  MAP.TULKD 
 ÄfiHöriEKH  

Plan no. muT 10. 

D1TB 07 riBIia    9 April 1-5 
▲BMOR TXST RXPOBT 10.     Ar-l^Ul 
SHOT    3 Of 6 
RULATED 7.R.  10.  AT 3963 

THICIUBSS A TT?I 

I 

L . . 
• --".■•. 

■ . » - • 

• •  ■ 

» J as 
10. 

i 
2 

1 
2 

1 
2 

FROJSCTIUC 

Syalngton-Oould- 
105HI PP T8    0* 

■ ■ 
Union Steel; 
105mm PP T8 

Continental 
103M PP T8 

TIL. 

ID); Plat« 
i.9«l 1090 
1.92 1160 

ACT. 
S.T. 

PP 
CP 

I3L. 
BXmTS - ABMOB AMD PRQJSCTILI 

L-33fi-l; Hekit U397; BHN 2U5 
1095 
110» 

Plat« 82T: Htf.t 373A: BHI 26U 
1.96110801109U 
2.01 1005   989 

Pdry 
0* 
■ 

SyBlneton-Oopld- 

103M PP T8 

Union Steal; 
IOSMB PP  T8 

PP(A) LB - no cracking; Mushrooaad A Intact 
PP(A)| LB - no cracking: Muahrooaad A Intact 

CP(A)  U: ",   U:-,  U"; Mushroomed A intact 
PP(A) MB - no oraokins; Mushroomed A Intact 

A Haoh.(C-; P^ate Mo.   lU^;  Heat 3928; BHI  2^3 
2.03| 1115llll2    PPU) MB - no  crackln«; Mushroomed A intact 

1226    PPU) LB - 3/U" crack; Mushroomed A intact 
L-33U-1;  Hent  37Ul; BHI 2U3 

2.03 1215 
[Bl| Plat« 
2.01 1105 

1195 1.99 

1106 

1205 

Plat« Mo. 833; Heat 
2.05 

2.00 
Continental Pdry. and 
10^« PP «   ©•    2.16 

2.15 ■ 

1123 

1000 

112»» 

991 

PPU) 

CP(A) 

639B; 
CPU) 

PP(A) 

• ■ 1 

U«, 2-l/U», 3-3/U» crack«. Mushroomed 
A intact 

6-3/U«. 6", S". 5-3A'; Mu«luw»ed 
A Intact 

BHI 267 

U-3/U", U-l/U«, 5«, U-3/U" crack«; 
Mushroomed A intact 
^'t ?-3/U",cracks; Mushroomed A intact 

Nach. Co.(W); PUte lo. 2; Heat L3r7 Sq. l'-'3; BHI 2U3 

118011200 

1275 

-L 
1283 

PP(A) 
PPU) 

MB - no cracking; Mushroomed A intact 
Crack« off bul«« 5-1/1*". WA*I 
Mushroomed A Intact 

•:•■•:■•:• • , • . - .1 

CP - 
pp - 
CIP 
PUH 
BS • 
IS - 
SO • 

Complete Penetration 
Partial Penetration 
- Core in plate 
8 ■ Pouching started 
Back «pall 
Pace «pall 
Star cracking 
Disregard 
Cratering 
Petaling onfface 

FTP - Passed through plate 
PIP - Projectile In plate 
PPTP - Palled to pa«« 

through plate 
IB - lo«e destroyed 
BB - Base destroyed 
II - lose Intact 
BI - Base Intact 
PC - Partial crat«ring 

iiiiiimmuä    'i in mi a' ttti 
..'«■ m 

• w • 
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ABmag PBOVIMG GaOTID,  HAHTLAHD 

iBMOH BEUL!:CH 

1 ••  -• 

PLATK BO. H£1T 10. 

iaT2 or riBiHO   9 A^ni 19U3 
ARMOR TSST RSPORT 10. Ar-l^Wl 
SHBXT 6 0/6 
RSL4ISD f.R. 10. AM tfft 

THICKHISS A TTPI 

L^l 

RS. 
10. PROJXCTILS is Riq. ACT. 

S.V. 

pp 
CP 
PTP 

■• .*• .1 

• ••■.• 

RXSULTS - ARMOR AND PROJKCTILI 

1 

2 

1 
2 

1 
2 

Union SU«1; 

105m PP T8 

Plat« lo. 

1.98 

Syaln« ton-Oo ald( S 

lO^Bin PP T8 0* 
a 

1.87 

1090 

935 

Heat 

1091 

919 

657B; ?H» 2€l 

CP(A) 

trU) 

8-3/1*". 8^", 3" crack»; Muthrooned A 
Intact 

a"; Nughrooaed & Intact 5-1/U« 

put« 328-1; 

1.93 
1.91 

Continental Pdry. 
10( 

& Mach. Co.-(l) 
PP 18 

1065 
1155 

2.11 
2.16 

1155 
1280 

lO/g 
1159 

1156 
1271 

Heat 3705; Bffll  259 
. 

PP(A)    LB - no cracking; Mushroomed A intact 
CPU)    6^", 5-1/1*'.  6- cracking; MuehrooMd A 

intact 
; Plate Bo. SC-1U7; Heat 5951: BHB pUO 
PP(A) I LB - 1-1/2" crack; Mushroomed A intact 
CPU)    t-^A«,  U" cracks; Mushroomed A intact 

CT - Collet« Penetration 
PP - Partial Panetration 

•'■ • ■'*'J 
•■   ■'. ■■J 

Ui^j 
• 

. m 
>V-VJ 
• • . •  .1 

■ 

-      •    J '  • * " 1 
■ ' • *J 

•    - 
. 

••.1 

K ~ laoa «all 
f- Star cracking 

"HP - Passed through plat^ •• 
PIP - Projectile In plat« 
IPTP - Jailed to pass 

through plat«. 
BD - Bo«« destroyed 
iP - Base destroyed 
I- Bose Jntact' 

C - Partial cratering 

• • ■' ' "'. '. '. '■ '■ '■ '. 

.--..• .v.; ■:,-. 
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COPT 

C. D. R«g. lo. 
A-gU-KS-OC 

EISmiCTKD 

kUHOk BEAHCH 
OSIHABCJi ESSSARCH AID DKVSLOPMiaiT CSKTEE 

ABXBDS3JI PROTIHO GROUHD, MAJiYLU'D 

SOBJSCTt     D0T«lopB«nt of a Shock Test 
for 1" and 2* Cast Amor. 

Ropor* Ho.:    Ar-lteU? 
Sat« of Test:    10 April   19U5 
Sheet 1 of 6 

lo.:   AF 3967 
2220(113 Ar3-305) 

00M U7U.5/APO(10 y«b 
U^}R: SPOMS-SS 
APÖ U70.5/1161 

Related F.R. 
Project lo.t 
Reforoncea: 

QBJ1CH    To Obtain Shock Tait Data with 
the 57»*» Proof Projoctil« on 
a Total of Serenteen 1" Cast 
Plates reoeired froa Kris Prorin^ 
Ground 

OOMMlMTSi 

1. Sersntssn la oast plates, receirsd froa Xrle Prorin« Ground after 
paeelng acceptance tests for penetration, were shock tested with the 57 am. 
proof projectile in order to obtain data to establish a required Telocity for 
Spec. 

2. In this test, ons round was placed against ths center of the plate 
at a required velocity of 1000 f/s. If ths plats withstood the Impact without 
cracking excessIvely, a second round was fired at a velocity 100 f/s higher. 
If the plate cracked excessively on the first Inpaot, the second round was 
firsd at a velocity 100 f/s lower, failure was oonsidered to have occurred 
when cracking extended greater than U-l/2" (two calibers) and/or an Amy 
conplsts penetration was obtalnsd (light visible through inpact). 

3. A summary of this test is given on sheet 2. A list of tsst facllitlss 
is givsn on sheet 3* The detailed results are on sheets U through 6. 

U. This is ths second report of test data on this project. Testing 
will continue. 
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Col., Ord. Dept.        Metallurgist. P-U 
Chief, Arms & Anon. Div.  Proof Director 
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iBBHIBTJTi FROVIKQ jaOUHD. MARIUUn) 

anrvm  ■: 

XULQ OF JIBING    9 April  19I45 
laMQH TJtST BPT. 10.    Ar-lfiaU? 
SHUT U 07 6 
RSLAüXD /.R. 10. At-yjfj 

PLAXK 10. HMJLI 10. 

HS. 
10 

1 
2 

1 
2 

1 

2 

1 
2 

1 
2 

1 

2 

PBDJXCTZLH 
■yr 

i 
TUIGKHHSS A CTPX 

ST« PP fl 
■ 

0» 
■ 

it TIL. 

.9« 
1.00 902 |PPU) 

ay»lncton-Oould(^)| pj«te l|33Q^; 

57« PP n 
■ 

0^ 

Pratt A Latohwort n; Lot ZZS-li Imat nsy, BUN 311 
98U 
900 

.99 
(1.01 

Pratt 4 L«tchworth; Let 22^0-1; l|«at BJ6?; BEI 316 
0» 1.01 100« 57"" PP n 

■ 
1002|PP(A)      li«, 1-7/8»,  2» crack«; MuahrooMd A 

, Intact 
tl.Ol 1108    1106 CP(A)      *-l/h; 2i-, 1-5/8« crack«; Mu.hrocMd 

A Intact 
AMrlcan Badlktor Pl*tk LB^; aJat Jlfjo; BHI 331 

57i pp n 

57tapp n 1.00 

1.00 

tP - Conmlete ^n« trat ion 
PP - Partial Penetration 
CIP - Cor« in plata 
PUN 3 - Punching «tart«d 
BS - Back «pall 
n - ?ac« «pall 
SC - »tar eraoklnc 
p - ^«ragte.4 
? - Cratorlac 

- Pstalln^ on fao« 

992 
1108 

1026 
1110 

57*1 PP n     o» 1.03 i02i* 
■ ■   tt. 01 pi08 

Pratt A Utohworth;  Lojt Z26|l-1; lLat WEg, BHI 311 

ACT. 
S.f. 

995 

1001 PP(A) 
nog 

106U 
L16U 

1082 

Pratt A L«tohworth; Lot Z251*-!; iaat Hl^O; BHI 311 
1000 

1100 

995 

lilU 

CP 
PH» 

CP(A) 

CP(A) 

HBSULTS - ABHOR AIS PH0JSCTIL1 m 
***• 3i".  3* crack«; Mushrooaod A la tact 
MB - no cracking; Muohrooaad A Intact 

H«at i719; BHI 252 

LB - no cracking; Nu«hrooMd A Intact 
2j", 2^" crack«; MuhrooMd A Intact 

PP(A) 
PP(A) 

LB - no cracking; Hu«hrooMd A Intact 
1-l/U»,  I«, i« crack«; Ku«hroaMd A 
Intact 

PP(A) 
PP(l) 

PP(A) 

ap(A) 

ij", 1-3/8* crack«; Mushroomed A Intact 
l-l/1»«,  1" crack«; Muahrooaad A Intact 

PP(A);  li«, 1-lA".  I" crack«; 
Muohrooaod A Intact 
GP(A);  3-3A-. 3-1/8«;  2-l/U« orack.;      - 
Muahroomad A Intact 

WJ - KMSI ihrough plat« 
PIP_- Projactil« in plat« 

i— lallad to pa«« through plat« 
IS - los« d««troy«d 
BD - BaM da«troy«d 
II - IOM intact 
II - la«« intact 
rO - Partial crataring 
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f«tt   iMilitlMI 

Ouna Uaadt 

(tail, ▲.T., 37 ■». Ml, lo. 726, Mf •d. by A.T.f. 
Tub«. A.?., 57 «n. Ml, lo. 1019, Mf d by 4.1.1. 

b.   ?ro>otll»« 0—d: 

Pro>otll«, Proof, Yl, 57 ». AX 3-1 

i... 

S:-- 

I 

9 

mwämä IMM"
11
" 

U-« « «—    . — ^ ■ ■  ,  ■    l^..     —. w     ■  |-»^ ■ ■   f |     ■   « v ■■ ..,.1  .w,.t._^ji ..■■. 1.     -.-.".■-,- , •.''.', a .    ■    .' 

• .•.-.•.•.-.-.-.•.•.-.•.•.'.■.•.•-■.•.•.•.-.•.•.•.•-. ^.•.-..-. ■ •.•.- ..•. . .. •.'.•.-.   . ■ . - •.•.-.•.-,-,«. 
'.-"."■."■.•■.■■.•".•'.■'.-'.■■.•■.■*.•*.'■".■"." .■".•".•'.•".•.•'.-".■".•■■".•■.•■•■•"•■.•"•■■•""•••"••-- .■■.'•.■■•■..'. .-.-.•. • .■ 

• "v»"• •"■ '■.• .'■ •"■ ■ • • •"*• ■ *■ ."■.■• •*"•'• •'*■ ■■ ."• -"• • • • ■'■ -■ • ■ "■ •"•."-.■."".'•.■ •"■ ."• ."• -*- "• .■•. ,■• .'•".■-,'■'.•." .'•'."•■•."•. .'■.■-.'■-'.'• ."■-.■•.' 



•   ."—■—^ 
, r_ .   ■ ■■.•'.■■.    ■'.■.•.•.   >   " r 

COPT 

»//////—■tf////////////f 
AMBTmiill PaOYIBQ OBOUTO, tUHF AWT 

ARMO£ BBASCH 

PLATS 10. HKAT 10. 

BD. 
MO. PHQJBCTILg 

1 

2 

1 

2 

1 

2 

1 
2 

1 

2 

57»i» PP n 

?~^i 
5M 

D4Ti 07 TIRim    10 April 19I45 
A8M0H TBST HH»0HT 10.    Ar-l62U2 
jHBT 3 07 6 
RSLATKD 7.B.  10.     AT 396? 

TEIGEOSS A TIP! 

Pratt A Letchworth; Lot Z?5?-l; iH*at 11167; BHI 316 

()• .99 

ll.OO 

Pratt A Latchworth; Lot 221 

1.02 57»» PP Tl 

51mm PP Tl 

I 

0» 

■ 

Pratt A Lotchworth; Lot 223^-1; 

Syalngtoa-Oould (D) Plata L333A; 

57« PP n 
I 

0* 
■ 

VT£L. 

PP ACT. 5 
S.T. PTP RESULTS - ABHOR AMD PHOJICTILI 

992 

1100 

1018 PP(A) 

1098 

1.02 

1016 

1116 

1.01 

1.02 

.97 

.96 

&-i; 

1115 

1008 

1116 

993 

nil 

976 
1068 

97« 
108*1 

Pratt A Latchworth; Lot 22Ml-l; Haat JI38; BHV 311 

57»ai PP n 

a 

57™» BP Tl 

0»    1.02 

•      1.02 

Ordnaaoa Staal Poimdrj'; PUte 2J 

0«     I.00 

ca» - Compltta Penatratlon 
PP - Partial Panatratlon 
CLP - Cora In Plata 
PUB S - Punching itartad 
BS - Back apall 
7B - Taoa apall 
»C -Star crackln« 
D - gar^ard 

P - JPaUlln« on face 

1016 |1018 pp(A) 

1116 I1098 tP(A) 

1000 

GP(A) 

2-5/8•,  2-1/U«». 2» cracka; Nuahrooaad 
and Intact 
5-3/1*".  3-1/2«,  2-1/2».  2-1/U« crack.; 
Nuahroomad and intact 

Haat 11157; BBH 316 

991 PP(A)    3-3/U-.  2-3/8% 2-1/U" cracks; 
Muahroooad and Intact 

GP(A)    »1-lA-,  U«,  J-l/M,  2-1/2« Oracle; 
Nushrooaad and intact 

Haat il5U; BHB 316 

PP(A)    ?-l/U«,  2« crack.; Mu.hrooMd and 
intact 

CP(A) ; 3-1/2".  2-7/8«. 2-1/2» 

Haat k}eOi BHM 216 

PPU) 
GP(A) 

987 

Haat 

MB; Bo cracking 
>f-l/2«,  W/H». 3-1/1*" crack»; 
Nuahrooaad and intact 

^A».  2-1/2", 2-1/2» crack»; 
Nuahroomad and intact 
3-1/2», 3-lA». 3" crack»; Mu.hrooBad 
and intact 

BUl2; BHB 321 

Plata broke in three piece.. 

PV - Paaaad through plaio 
PIP - Projectile In riate 
A» - Palled to pa.« through plate 
BB - Bo.» daatrOTad 
BD - Baaa daatrojrad 
II - Bo., intact 
BI - Baaa intact 
PO - Partial cratarlng 
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OOP! 

UUIllimmotn.illillllllUL 
i—■ «OTHO ttBoi«), MAKHAID 

MS or mxia  10 April 19^ 
ABMGB B8T HIPOHT 10. Ar-l62>*2 

6 OV 6 
r.l. 10. Af 3967 

PLAB K). auf n. THI A TIP1 

ID. 
10. 

1 

2 

1 
2 

1 

2 

1 
2 

1 
2 

raojicriLi 

Pratt * hmto iwor 

aS no. 

57—PP n 

SjmlBeton-Oo ad; 

57» PP n     0* 
«. 

Sjr«ln«ton-0o ild; 

57*« PP n    o» 

loan Bad 

57«iPP Tl 

or 
ir • 
OIP rm 
18 • 
IB • 
SC • 

57wm PP n 

0* 

.99 

1.00 

.97 

.97 

3 
AOfj 
S.f, 

992 

1100 

976 
1076 

991 

1119 

PP(A) 

CP(A) 

9M 
1071 

Plat» 331* 

.9« 

.9« 

1.10 
i.ii 

34k 

8rft 

1000 
1188 

HMt 

975 

PP 

PIP 
NLTS - AWQ1 AIS PB0J1CTI11 

B«at 118S{ B» 316 

2-l/k*9  2-lA" eraoks; MoshrooMd «ad 
lataet 

U», ^l/W«. 3-l/H« crack»; 
and Intact 

Platf L33^A; H^at U375; BHI 266 
XJt lo orackln« 
LB; lo oraokinc 
BHI 2^ 

3«, 2-7/«". 1-3A- oraoka; 
and Intaot 

2-3/H». l-l/U», 1" crackt; 
«id Intact 

Latolr; Pllta I«i. 113521 läat Jk^i in 325 

PP(A) 
PP(A) 

371*! 

GP(A} 

let. |PP(A} 
8g»l(Lo«t) 

SjraÜMCton-Oo ild [B)j Plate 01 329; Heat U576; ID 321 

0» 
■ 

l.OU 
1.05 11¥> 

1098 PP(A) 
1181 PPU) 

KB; lo oracklnc 
LB; ■ • 

IO32 IO35 PP(A) 
1163 

Ooapleto Penetration 
■ Partial Penetration 
- Oore la plate 
8 - Pnaohinc atarted 
iMk epall 
Paoe «all 
Star oraekinc 

face 

CP(A) 

J I 

KB; VU" era*! Kuahrooaed and lataet 
3-l/H", 3", 2-1/8« oraoka; Maabrooaad 

and lataet 

IS - Paaeed throoch plate - Projectile la plate 
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p - Diorecard 

- PAiled to paaa tfarou«h plate 
IB - looo destroyed 
19 - laee deotroyed 
II - loee intact 
U * laee lataet 
PO-Partial erateriac 
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ItoUllqrfleal Inwlaation of 1* «ad 2* Thlok 

0—t AXmar IhU. for tho Dorolop—nt of 

57 Ml —d 10? Ml >roof frojootllo Shook f—tg 

W 
• ■ 

*■ • •; 

iJtmtrmat 

Xxoopt for o fo» OOM«. tbo balllstio parfonauioo of 1* 
2* thlok Oaat «nwr «hook toatod ot TOlooitloo of 1000 and 

1100 ft./ooo. with 57 "■• «ad 105 ■■. proof projootllo« roapootivolj 
dooo not oorroloto with tho ohook proportloo of tbo araor no 
rowoolod by Mt&llvcloal tooto. ftero lo owldMoo that low 
hardnoaa la tha faotor roapoaalbla far tha fallva of 1« thlok 
plntot dvrlac tha ■hook toot. In gaaarnl, tha balllatlo fnlluroa 
raaultad fron ooaplota paaotmtloBa(ingr erlUrlon) rathar than 
Araa braafa«* or «zcoaslTO oraoklnc. Coaploto panotratlona aro 
aat eonaldorod raliabla Indlooa of tho ahook raalatnaoa af 
Aa proaantlj oondnotod, tho anbjaot balllatla ahook toata aro 
not oonallerod aatlafaotoiy for Inolualon In Spaolfloatiei 

1.  At tho raqoatt of tho Ordnanoo Raaaaroh Gantor, Abardaaa1, a 
■atnllnrcloal ozanlnatlon of aarantaan 1" and alaran 2« thlok onat amor 
plntoa hna baan oo^plaUd. Thaaa plntaa. had boon ahook toatad with 57 an. 
and 105 HI. proof projootlloa raapactlwaly In an attaqpt to oatabllah ro- 
«odrod wolooltloa for thaaa toata for Inoorpomtlon In Spaolf loatlon JM-k9*4, 

2«  HoUllnrcical ozanlnatlon and an aralnntlon of tha raanlta of tho 
balllatlo toata land to tha followlac obaanmtlona and eonoloalona. 

a. Tha 57 na. proof projootllo ahook toata at ralooltloa of 
1000 ft./aSB. and 1100 ft./aoo. ara not oonaldarad aatlafaotorjr aa erltorla 
of tho ahook roalatanoo af 1* thlok oaat araor alnoa aatallorcloal toota 
■bow. In saaaral, no dlfforonoo In ahook proportloo bo two on platoo whloh 

T*    i». kl0.5/l*j6 - wta. H70.5/«735 daUd 25 April 19^5. 
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pasMd and plaUs which failed th« t««t. lOrtlwrwr«, plaUt ««Mrallj 
fail*d tb« t«st becau«« of ooaplat« p«B«tratl<m« (imr orlUrlon) rathar 
than oraeklac or braaklac. OooplaU panatratlona ara not ■atisfaetorx 
ladloaa of poor «hook ratittane«. 

b. Tba balliatlo boharlop of 2« thick oait anor «hock UsUd at 
a Taloeltj'of 1000 ft./Mc. with 105 aa. proof prejaetilaa doaa corralata 
■oaawhat aora Mtlafactorilj with tha »hook ppopartlaa aa raraalad bj 
aatallurglcal taata. CoaplaU panatratlona (Aray orltarioa) ooovrrad, 
howarar, la aoaa of tba fallla« plataa. fha pblloaaphy of fallln« plataa 
aa tha raaolt of ooaplata paaatratlont dorlac abook taatlaff la opaa to 
aarara crlticlaa. 

3.  Äa aatallorglcal axaalaatlon inolodad tba following taatal 

a. libra fractura teat. 
■ 

\S 

. 41 

b. Oroaa-aaetlonal Brlnall bardaaaa aurray. 

e. T-notcb Cbarpy iapact taata. -' j 
• 

Tba 6*xl2*x2« and U*z8*xlB aactlona wara notcbad bjr flaaa cat tine in frtm 
tha alddla of tba two loasar aidaa and wara fracturad uadar tba iapaot of a 
■Uaa forgo bavar. Oaa-balf inch thick aactlona out fro» tba alddla of oaa 
of tba fracturad halraa wara aorfaoa ground. Irlnall bardnaaa anrraya war« 
aada on tha eroaa-aaotional anrfaoaa, aftar which two T notch Obarpy lapaet    . t^ 
apaeiaaaa wara aaohlnad fro« aaob aaotioa, fro* poaltioaa halfway batwaaa       • 
tha axurfaoa and tha can tar im tha caaa of tha 1* thick plataa and fro« naar 
tha oantar of tba 2» thick plataa. Oaa l«paot apaciaan fro« aaoh plat« 
waa taatad at ♦TO*?, and tha othar at -bO^f. 

4. Tha datalla ragardlnc tha balllatlc parforaanoa, bardaaaa, flbra 
fractura rating, and notcbad bar impact Talnaa of tha 1« and 2* thick plataa     l 

ara tabolatad la Tablaa I and XI raapaotivaly. 

5. Aooordlng to tba balllatlc data forwarded to thia araaaal with tba 
Ad indoraaaant to tha baaie lattar1, all but a rary faw of tha plataa which 
failad tha ahook taat at tha Tarioua Talooitiaa failad baoanaa of collate 
panatratlona (Ar«y critarian). Tha fact that failura oecurrad through 
ooaplata panatratlon rathar than aa a raault of braakaga or cracking of tha 
taat plataa caata lanadlata doubt 190a tha auoaaaa af $7 aa. and 10$ M. 
proof projactllaa aqployad to abook taat 1" and 2" thick oaat anor raopaotiwaly. 
▲ eo^lat« panatratlon cannot in itaalf ba conaldarad an adäquat« proof of 
poor aback propartiaa. Tha an« 1* thick plata, Ordaanoa Staal Foundry 
Plata 2. boat BlUs. which did break up undar tba i«p«ot of a 57 a«, proof 
projaetila «aa found to poaaaaa aztra«aly poor Upact propartiaa, baring an 
i^>aat oaargy of 7.9 ft.lba. at ♦70#f. and U.l ft.lba. at -**>*1.    Llkawlaa, 
two 2s thick plataa which eraokad in axoaaa of 8i", Syalngton-Oould. boat 

1. S«a rafaraaoo oa pracadlng paga. 
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9. Th» result« of tfa» Mtallorcloal «xaalnation «ho«, in c«n«r«l( a 
▼•XT impmrtmot r«l«tlon b«twM« thm ball is tie psrfenuAOS of tho robjsct plates 
sad tbsir shook properties. The poor oorrelatiea hetseea the ballistlo sad 
aetallorcioal shook tests U ooäbiaatioa with ihs fast that ballistlo failwrOs 
for tho aost part resulted froa iragr ooqpleto psaetrations, dsaoastrats bsyoad 
doubt that the 37 ■*• proof projeotilo shook test for 1* thick cast araor sad 

i 
\ 
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U422 aad ttiion Stool, host ^U, possessed rslativsly poor lev teiveratare 
Up«ct properties. Inept for theee three isolatsd oaseet heeorer, as f*** 
oorrelation esn bo established botveea the ballistlo perferaaaoe sad the 
shook properties as dotoninsd bj ■otallurglcal tests. 

6. la order to aoro elosrly doaoastrato the lask of oorrelatiea betveoa 
the results of tho ballistlo aad the aetallurcieal shook tests, the data «ere 
rsarraagsd as shown ia Teblss XZX sad If. the hardaeesss, inpaot properties, 
aad fibre freoture ratines of the plates which paeeed sad thoee which failed 
the shook tests at weloeities of both 1000 * 15 ft./eee. sad 1100 ft ./see. are 
srreaced for purposss of oo^>srisoa. The data la Tsble III iadioate that at 
a rsloclty of 1100 t 13  ft./see., hardness rathsr thaa shook resistance deter- 
■ines vhethsr plates pass or fail the 57 wm.  proof projectile test. The 
hardness of the passing plates awerscos 3h0 a 10 HI sad that of the failiaf 
plaUs 320 t 7 BH1, whersas the inpaot eaergj of the passiac plate« at -hO^P. 
arsrseoa 16.3 ±  5.8 ft.lb«. mi.  that of the failiac plat«« 17.2 ♦ 3.5 ft.lbs. 
■o correlation whatsoerer exists betveoa the ballistlo mi. ■stallurfieal 
shook tssts of the 1« thick plates tested at 1000 ± 15 ft./seo., except ia 
the eaee of the prerlously described Ordnance Steel Pouadrjr plate of extreaolj 
poor shook properties. 

7. A further oritioisa of the 57 mm. proof projectile shook test ari«e« 
froa the fact that seae 1" thick oast plates, which upon the basis of astal- 
lurcical tests would bs considered of inferior qpalitgr, passed the shook test 
at strikinc welocitios of both 1000 end 1100 ft./sec. dasriooa Badiator heat 
J160 aad Syaln^ton Gould host U375 possess poor shook properties ae asasured 
by notched bar lapaot tssts, jet these plates passsd the shook test at both 
striking wslooitiss. 

•'':■: 

8. The 105 an. proof projsctils shook test of 2* thick oast araor at 
a Telocity of 1000 ♦ 15 ft./sse. does correlate soaewhat better with the 
as tall org leal shock tssts in that ths passiac plates have «a awerace lapaot      f 
ener«y at -Uo*l. of 38.2 ♦ H.7 ft.lbs. whereas the failiac plates awerac» 
aweraco 23.5 t 2*1 ft.lbsT, sss Tsbls IT. Io siailar oorrelatiea «a« fooad, 
howewer, at a rsloolty of 1100 t 15 ft./eeo. Of the three plates failiac, 
one has the relatiwely lev b^aot saercy of 26.5 ft.lb*. but the other two 
failiac plates bars inpaot seercies hicher then those of soas of the passiac 
plates. 

the 105 HB. proof projsctils »book test for 2" thick oast araor as conducted 
at the Ordnance Besearch Center do not qualify as bona fide shook tests*   > 
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Xt 1» poMlbl« that tta«M proj«otll«» «ay jrlald aer« Mtlafaetorjr result« 
at an obliqoltj whw« th» foro« of th* l^>act would b« «praad orer a larc*r 
araa than at noraal obliquity. . 

N. Toffa 
PhyBical Scioaco Aid« :<%:>: 

▲. Barlloh 
AssociaU Metallurclit 

ATflOflDl 

1. L. ms 
laMtfoh MatallurcUt 
Chiof, Araor Sactioa 
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ARMOR BRAJCH 

ORDHAVCS Rj&äiuS2!ErÄnrsXT2Lop)ajfT CXHTIS 
aMMMOUM PRCVIIG OROIAII), KURTLAJTD 
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>ÜBJSCTt     DeTelopment of a Shock 
Teat for 1" and 2* 
Cast Armor. 

OBJiiCT:       To Obtain Shock Te«t 
Data with the 103 mm 
Proof Project 11« on a 
Total of Ilfteen  2" Cait 
Uomo^eneoue Acceptance 
Plates RseelTSd from 
Gary Proof Rsn^e. 

OGHKHTSI 

Report lo.j    Ar-l6f>H6 
Shset 1 of 7 
Date of Test:    6 July 19^5 
Related f.R. Io.:    Al-lUfft 
Project lo.i 
Reference»i 

2220 (113 Ar3-3O5) 
OCH U7O.5/APO 

910 leb U5)R SPGM1-II 
APO U70.5/1161 
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1. fifteen 2" cast plates, recelred from Gary Proof Bange after passing 
acce^tanc« tests for penetration, were shock tested with 105 on proof projectiles 
In order to obtain data to establish a required Telocity for Specification AIS U92« 

2. In this test, one round was placed near the center of the plate at a    ^T." 
required Telocity of HOC fpe (the Telocity was corrected for thickness using a 
oorrectlon factor of 5 fps per .01« in thickness). If the plate withstood the 
Impact without excessWe cracking or was a Army partial penetration, a second round 
was fired at a yeloclty 100 fps higher. If the plate cracked or was a Any ooaplete :/ 
penetration as a result of the flret Impact, the second round wae fired at a        • 
velocity 100 fps lower, failure was considered to have occurred when cracking 
extended greater than B-l/s" and/or Army complete penetration was obtained (light 
visible through Impact). 

3. A summary of this test Is Riven nn Sheet 2.  A list of test facilities 
Is given on Sheet 3. The detailed results are on Sheets U through 7. 

U. This is the fourth report of test data on this project.  Testing is 
completed and a formal report analysing all results will be written. 
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fuja. 10. 

«0. 

1 

2 

1 

2 

1 

2 

PBOJZCTILI 

MM 

105 mm PP T8 0« 

HKAT MO. 

S.T. IPtP 

DAS Of HRIM    6 Jaly 1+5 
ABMOB TKST WBPOET 10. Ar-l6#l6 
SHUT   U or 7 
BKULTU) r.S. 10. iJ-5U53 

SnCDBSS A TTP1 
■ 

HJ6SULTS - ABMOB AID PBOJICTILI 

A«! r^ry* & Nao^.  (^ Chl^) Plate lo.t    C-8192^1 Sq CO. 
Heat lo.t     S192, BHI 259 

Mtdlua Bul£«, lo Oraokloc, Nushrooasd 
aad Intact 
Medlua Bui«», 5«, U« QrMks, MuahrooMd 
and Intact 

Oontlntntal Pdry. A Mach.   (l.  Ohlj) PUte lo. B-2327-2 Sq BU«, 
Heat lo.t     2327• BHI 2^6 

2.01 1105 

1205 

«.v.- 
«•. ■ 

.■•*-■ 

1097 |PP(A) 

1200 IPP(A) 

105 am PP T8 

105 ■. Pp W 

1.96 

o» 

Continental J^ry. A Mach.   (l.  Chi. 

105 mm PP T8 

* 

0» 

■ 

2.00 

■ 

10«) 

980 

1100 

1200 

IO83 

967 

CP(A) 

OPU) 

10*. 5*. 6s »Mki. 18« Crack Ihroofh    ; 
37 ■■ Round to Sd«e of Plate. Nocb- 
rooaed aad Intact 
••• 7". 5B. M Graoki. Plate Brok* 
into Two Piece«. Muehrooaed aad Intact. 

Continental Pdry. A Mach,  (l, ChlJ) PUte lo.t    C-8227-2 Sq 06U, 
Heat lo.t    82?7a BHI 2U6 

1095 tPP(A) 

1205 PP(A) 

2.01 

CP - Collate Penetration 
PP - Partial Penetration 
CIP - Cora in plate 

rs - raoa Spall 
SC - Star cracking 

- Petal in« on face 

1105 

1205 

Lost 

1208 

Medlua Bul^e, lo Craokin«, Noabrooaed 
and Intact 
3'« 3* Cracks, Muehrooaed and Intact 

fr. ■•■.■j 

*»♦ . • . ^; 

) Plata lo.t    O-826O-2 Sq C65, r- 
Heat lo.t     8260, BHI 266 iv 

PP(A)    Medium Bul«e, lo Cracking. MuehrooMd     fc. 
and Intact 

P?(A)    Large Bulge, lo Cracking, Nushrooaad 
and Intact 

I 

WW   - Paaaad ihrougk plala ' 
PIP   - Projectile in plate 

nPIV - railed to pas« through 
Plata. 

IB - loee dastrojrad 
BD - Base destroyad 

nimm cratering 
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PUTK 10. HUT 10. 

IUTS 07 TIHIIO    6 July 19^ 
▲SMOE OST EXPORT 10.  Ar-löÖ^ 
SKBT 5 or 7 
BIUHD r.i. 10. AP-5U53 

Tuiomss A rxn 

12). 
10. 

1 
2 

1 

2 

1 

2 

1 

2 

PB0J1CTILI 

Oontlnontal fdry. 

l&,wm FP T8 
■ 

Aaarioaa Staal foundrl 

IO5M1 IT T8 

IO^M PP T8 

VXL. 

A#^| PP 
40TJ  Qp 

"[ 
.05 
1 

L 112s ai» 
1025 1022 

0» 2.01 

■  2.05 

CP(A) 
PP(A) 

•> (Op PlHte le.: 
LlGk» 1105 

1225 1222 

AMrioan SUel Poimdrl«» (0) Plj U lo. ua 

0» 2.02 1110 1112 PPU) 

iao 

HÄSULTS - ABKK AID FB0J1CTIL1 • 

.A _■. 

A Mach.  (1.  C41.) Pitt« lo.:    B-2256-I Sq BU6. 
Hakt lo.t    ?->56, BHI 255 

6i". 5i", 9i* Orack«, Huahroosad AZntaet 
3ia.  2», 2* Oraaka. Moahrooaad A lataat 

a-797J4-D-277. fcat lo.i    7526, ID 251 
Kadi« Bul£a, lo Cracking, Ruahrooaad 
and Intaot 
Nadi» Bulga, le Oraekin«, Maatarooaad 
and Intaot 
«-797^l>-a5it I-at lo.» 7^7, «I *» 

PP(A) 

FPU) 

\ 
216 

105« PP TS 0« 2.02 1110 1109 

1210 1211 

PPU) 

NadiuB Bul^a, lo Craoklnc« RuahrooMad 
and Intaot 
5i*t 3-l/l*,f 21* Oraokt, MuahrooMd and 
Intaot V 

Aaorloan Stool Ibundriot (0) PIJU IO.I    (W97l»-D-257. Hoot lo.i 7^, IB 2^5 

P(A) 

PP(A) 

QP - Öosqploto Ponotratiön 
PP - Partial Ponatration 
CIP - Cora in plato 
fJM S - Punching atartod 
IS - Back «pall 

|0 - Oratoriai 
p - Potalinc on faca 

Modi« Bole«, lo Oraoklnc- 
and Intaot 
Larco Bul««t lo Oraoking. 
and Intaot. 

NuahrooMd 

" 
» ■»•'Vi -<» 

. V-v . , 

ne - Pnaaod through plato 
PIP - Projootilo in plat« 
IPV - failod to paoa throngh 

plat«. 
IB - looo d«Bt«07«d 
ID - la«« Lootroyod 

PC - lartial orataring 
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2.    T»tt facllltUtt 

a.    Ouns U««d: 

(km, A.T., 37 ■*, Ml, lo. 72€, Mf «d by i» rlcan Typ« foundor«. 
Tab«, A.T.. 57 «n. Ml. Bo. 1019, Mf'd by JUMrlean ffp* Iound«ri. 

b.   yroJ«etil«t U—d; 

ProJ«otil«t Proof, Tl, 57 ■■>. Mf «d by AndOTor-I«! 0o.t 
Lot AX-3-1, wt. 6.3° l^«* 
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ID. 
MO. 

PBOJSOIXII 

HiAT NO 

QITE OF FIRIJW    6 July U5 
ARMOR TB3T RÄPORT NO. Ar-l6f^7 
SHEET U 01 5 
R5LATED F.R.  HO.  AJr-5453 

THICKHESS A TTPS ^=1 

g 

1. 

2. 

1. 

2. 

1. 

2. 

rioan Jt«el Fqundr 

57"nn W Tl        "    [I.03 

• « a 

American Steel rrimd^iee 

57mm PP Tl 

a 

Slryer Steel 

57mm PP Tl 

1. 

2. 

^_ir=^ 

RE^. ACT.     cJ 
VKL. S.7.    ni 

RESULTS - itRMOR AND PROJECTILE 

ee Plate No.»  C-^, Heat 35^0, BHN 322 

102>»j 1008    PP(A) 

112»* llUO    CP(A) 

1.0c 

1.00 

(Chl|.) 

Scollln Steel Co. 

57inm PP Tl 

.9« 

.9« 

1000 

1100 

qgu 

2^% 2iB, 22", 2» Crack«, Muehroomed ' 
A intact 
5"t 5m,  5■, 2" Crask«, J4u«hroo««d 
&  Intact 

Plate No.« C-22. Heat lo.: 35UC, BHI 326 

977    PP(A) 

10(8   CP(A) 

Medluai Bul^e, 1" Crack, Mus^Toomed 
A Intact 
^"t  3i"t  3" Cracke, Muchroomed and 
Intact 

Plate No.:   2QB599. Heat Ho.:   2QB599.Bmi 302 
983   PP(A) 

108U 1080,   PP(A) 

1.08    106U  . >fi7 

1.08 1164 1165 

PP(A) 

CP(A) 

Lar^e Bul^e, 7in« Graeking, 
Mushroomed and Intact 
^•,  2-1/U« Gracke. Muehrooaed and 
Intact 

Platd No.:   U8, Heat No.:   3-333, BHI 286 

Lnrga Bul^e, Fine Crack In«, 
Mushroomed and Intact 

3i-. 3-i 2s" Crocks, MushrooMd and 
Intact 

GP - Complete Penetration 
PP - Partial Penetration 
CIP - Core  in plate 
PUN S - Punching started 
BS - Back spall 
PS - j-'ace  spall 
SC - Star cracking 
D - Disregard 
C - Cratering 
P - Petaling on face 

PIP - Passad through plate 
PIP - Projectile in plate 
FPTP - Polled to paas through plat« 
ND - Nose destroyed 
BD - JD  so destroyed 
HI - Hose  Intact 
BI - Base intact 
PC - Partial cratering 

•:■■. 
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PLATi HO. 

as. 
10. 

1. 

2. 

miBGTIXJ 

 IfflAT HO.  

I i I -:IIL 1— 

DäD; o/ 7IHIHG   6 juij 19U5 
AEMOR TSST E3P0RT HO.  Ar-l^fiU? 
SHSST 5 or 5 
B2L1ISI} ?.E.  HO. JLT-^I 

THICKNS3S A TIPS 

Scallln Steel 

57imn PP TL 

yEL.   s.v. 

Co. 

0« 1.15 

1.15 

=• 
RlioULTS - AKMOR AHD PROJfiCTILB 

Plate! Ho.:  U9# Heat Ho.:  5-0?Ot BHH 290 

11P0!113U    GP(A)    3B,  3",   3",  2* Cracks, Muehroomed A 
I Intact 

1020 1070   PPU)    2",  2B,  1-3/U" Craclct, Mushroomed A 
Intact 

■ 

, 

•_ -. • 

■-.•.• 

. 

CP - Conpl^te Penetration 
PP - Partial Penetration 
CIP - Core In Plate 
PUK S - Punching started 
BS - Back apall 
FS - face spall 
SC - Star cracking 
D - Dlsri^ard 
C - Craterlng 
P - Petaling on face 

:>■■ 

I 
PTP - Passed through plate 
PIP - Projectile In plate 
ITTF - Palled to pass through plate 
ID ~ Hose destroyed 
BD - Base destroyed 
II - lose intact 
II  - Base intact I 
PC - Partial craterin« o 
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AKMOR BRiJCH 

o&iauicx MMM| AID SXTXLQPMBIT CIKBBI 
AB£RiaSI FBÜTISO QROUIS.  VJUflTUKD 

äUBJICT: 

QUBCTt 

D»T«lopaent 
T««t for 1« 
▲raor. 

of a Shook 
and ?* Oast 

To Obtain Shook Data 
with  Die 57 mm Proof 
Project11« on a Tot«! 
of firm 1" Cast Hoaogeneous 
Pia tee  Race Wed fro« Oarj 
Proof Banc«. 

Report Ho.; 
Shaet 1 of 5 
Data of fast: 
Related 7.R. 
Project lo.i 
Refersaoost 

l6ßU7 

6 Julgr ISUQ 
to.t   Af-5^3 

?220 (113 ir3-305) 
OH U70.VAPO 
(10 Tab U5)l 
AW U7O.5/II61 

CCIOaiTSt 

1* flTe !■ oast plates, recelred fron Qery Proof Range after passing 
aooaptanoa tests for penetration, war« shook tasted with the 57 mm proof 
projectile in order to obtain data to establish a required ▼eloclty for 
Speoifioatlon AXS U92. 

• *   *• '.1 ■   ■     J 

; 

■ 

2.    In this test, ons round waa placed near the cantar of the plate at a 
ttlMttf of 1000 fps.    The Telocity was corrected for thiokness using a oorraetlon 
factor of 8 fps per .01« in thickness.    If the plats withstood the ispact without 
craiking azoessiTsljr or was a Aray partial penetration, a second round «as fired 
at a Telocity    100 fps higher.    If the plate oraokad azoasslTSlj or «as a Aray 
complete penetration on the first lapact,   the second round was fired at a Teloeity 
100 fps lower.    Pallure was considered to h.ivo oocurred whan cracking extended 
greater than U-l/2* (two calibers) and/or an Axmj ooapleta penetration was obtained 
(light Tiilbla through Impact). 

1 

r'' 
:•:•• 

3. ▲ luwoazy of this test is giTen on Sheet 2. A list of test facllltlee 
is giTsn on Shaat 3. The detailed results are on Sheets U and 5. 

U. This is the third report of firing data on this project. Testing will 
continue. -; 
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PUB 10. 

CGPT 

ABBRiasi PRorna OHOIJID, IUXTLAIS 
ixsrwjjRsr 

Hill 10. 

MT* of ran»    6 Jui7 19^3 
ABMOE SSST MMH K. Ar-l6f9*6 
SHUf ? 0/ 7 
uukTB) y.h. io. Af-5U53 

THIQUSaS * TTP1 

Id. 
Io. 

1 

PHUJÜCTIL» 

105« n is 

^J 

Ä 31 
Co, 
0* 2.00 

•    2.00 

Seullin SUel Go 

105« PP «    o» 

TSL. 
ACT. 
S.T. 

PP 
OP 
PTP 

Plato l< 
11001 U09 CP(A) 

loool  9«9 PP(A) 

2.05 
2.05 

sots^n - iBMQH AID nononiM 

1125 

Plato I< 

1025 1022 

Soullln 3toe 

105n PP T8 

Co 

0* 
■ 

2.02 1110 
2.02 1010 

1136 GP(A) 
PP(A) 

.1  680. Boat lo.i  5-018. 3RI 251 
9-1/1*". 6*. 6% U« crack«, MnafarooMd 
4 Intact 
Modlwi Btüco« Io Cracking, MnahrooMd 
A Intact 

H 
681. Boat lo.i    5-023. BHI zM 

■. Hi". 3i" Ortok«. 
*. 2*. 2* Oraekt. Mushrooaad 4 XatMt 

Plato Io 

1118 
1021 

OP (A) 
PP(A) 

.-• 
.1  682. Boat Bo.1  2-177. BO 90 

5K Hi-. #   Oracka, 
Modlua Bulf«, Bo Cracking, 
and Intact 

OP - Oo^lot« Pone trat ion 
PP - Paitlal Penetration 
CIP - Ooro in plato 
PÜI 3 - PTmchln« started 
B8 - Back «pall 
PS - Vac« «pall 
SO - Star «ncklnc 
D - Disrasard 
0 - Cratarin« 
P - Potalinc on faco 

• - • •'•I 
t\ 

1 

■ 1W - PR««od throoch platä 
PIP - ProJaotllo in plaU v 

IPTP - failad to paa« throne^ Plata. 
ID - loa« dastro/ad 
BB - Baa« d«fltro]r«d 
BI - Bo«« intact 
BI - Baaa intact 
PC -mPartial orataria« 

//////BWWCTID   .///////////// 

• • • •   • .• • 
%  ■  .   i  .  « 

• .  .- . ■ •. -.   . -. -.•.•.-.•,•.-.•.■•  .■.-.•--.••■•-.••-  .■ -, - - -.- •.- >.- •_• -. -. •. •. 

•'    •   .   • ■     • •.-.•• \-.--.-v--.\■•.•.•.v.v;-v--;.-.v.v;.-.v..%•-•.-•..• ..■.•     •.•.•-...-•.••.••.••.--.••■•. 
-- ■'.'. •■■ -;     •: : ■;■.-:• .•;^.-:/-.v.:;.I;/;.-:;.-;--.:--.--:- ;'.--.v.:;;>■;.■■.;•.■••. >:;:•; •:•>;•:•:"•>::•:■::-.• .•'••::•:•:•; 



'   .    ■ "     • T   ■ ■  

OGPT 

lijjifmmwUHUIIfUHf 
ABXSSESir PROTIIO GBOÜMI), MMPAjg  mtrwam  

rux* io. I0UT 10. 

DA.« Or TIBIIO   f Jaly IS1*? 
ABMOE TSST HXPORT 10. Ar-l^U^ 
SHOT 6 o» 7 
tMLkVD r.l. MO.  AJ-ttl 
THIGlWtaS A TTP1   

U). 
10. 

i 

2 

1 

2 

1 

2 

1 

2 

PB0JB0TIL1 n Riq. 
TSL. 

ACT. 
8.T. r BISULTS - ABMOH AID PHOJXOTXLB 

APtrioan Sivil fÖuadA«« (^)   PUU Mo.t    0-797^D-S^ß, H«»t Io.: 7^S19 
BBM 2U6 

105 ■■ PP 16 

I 

0« 

■ 

2.0H 

2.09 

AMrioan 3t«el loundrUa (0) Plat« Io, 

105 » PP TC    0* 2.00 0* 

Soullin SUel Co. 

10^  ■» PF  Tg     0* 

Soullin SUel Co 
09 105 mi PP TK 

1.92 

2.03 

■ 

1120 1126 FPU)    Modi» lvU«( 10 Craokln«, Nosfaro 
and Intact 

12^5 12»»3 PP(A)    Ui% 2i". 2« Gracki, Muohrooaod and 
Intaet 

i    0-797l^D-26l, Hoat Io.: 7,*6«. ■■ 2^2 
1100 1119 PP(A)   Modlmi BuU«, Io Craclcln«. MoahrooMd 

and Intact 
1200 1208 PP(A)    Lar«o Bui««, Zi».  2* Oraok«. Muahrocmad 

and Intact *.<•,., *■ 
Plat« Io.:    S-Ug, Boat lo.t    1-907. !■ 23^ 

lOfiO 106U CP(A)   5i«, »»i". ji" Crack«, MosfarooMd and 
Intact 

960   9U7 PP(A)    2iB, 2-l/U» Oraok«, MruhrooMd and 
Intaot 

PUU Io.:    S-5Ö, loat Io.: 1-915. M 232 
1115 1025 PPU)   Modiim BuU«, Io Oraekins, MuahrooMd 

and Intaot 
1215 |1200|PPU)    Larg« lulf«. Io Crackln«, NoahrooMd 

and Intaot 

1 

OP - Qo^plot« P«n«tratlon 
PP - Partial Penetration 
CIP - Cor« In plat« 
PV S - Punching started 
BS - Back «pall 
PS - IÄC« «pall 

f - Patalins on foco 

::::; 

- Pa«««d throoch plat« 
PIP - Projectile in plate 
1PTP - Palled to paa« throng 

plat«. 
IS - 10«« deetrojred 
ID - Bnee deetrojrod 
H- Io«« Intact 

- Baa« intaot 
PC - Partial oratorin« 
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